Introduction
Adrenal vein sampling (AVS) has been described as a method for localizing hypersecreting adrenal disease in patients with primary aldosteronism (PA).
1 PA most often results from either an adrenal adenoma or adrenal hyperplasia and is associated with excess aldosterone secretion. The most common presenting symptom in these patients is drugKeywords ► adrenal vein sampling ► primary aldosteronism ► adrenalectomy
Abstract
The objective of this study was to investigate the combined efficacy of adrenal vein sampling (AVS) and imaging findings in predicting successful clinical outcomes following unilateral adrenalectomy for primary aldosteronism (PA). A retrospective chart review of 137 patients who underwent AVS between 2009 and 2014 at two hospitals in a single academic institution was performed. Preprocedure demographic, imaging, medication, and laboratory values were reviewed. In general, patients were considered for adrenalectomy when lateralization was suggested on AVS. Clinical outcomes such as improved blood pressure control and preserved renal function after adrenalectomy were correlated with preprocedure variables. AVS was technically successful in 120 out of 137 patients. Lateralization was seen in 64 patients and 48 out of 64 patients underwent adrenalectomy. Out of 48, 43 patients had an adrenal nodule on preoperative imaging, while 5 did not. 28 patients showed improvement in blood pressure after adrenalectomy, all of which had a nodule on imaging. Of the 28 patients, 22 also showed preservation of renal function. None of the remaining 5 (out of 48) patients who demonstrated lateralization on AVS and had no nodule on imaging showed clinical improvement following adrenalectomy. The presence of an adrenal nodule on preoperative imaging was also associated with improved blood pressure control (p ¼ 0.022) and preserved renal function (p ¼ 0.048) following adrenalectomy. Improved blood pressure control and preserved renal function in patients with PA who underwent adrenalectomy following lateralization on AVS are associated with the identification of an adrenal nodule on preoperative imaging. resistant hypertension. The diagnosis is often delayed and these patients are seen in specialty hypertension clinics and are frequently treated with multiple antihypertensives. Cardiovascular and cerebrovascular sequelae of hypertension are a major cause of morbidity and mortality in patients with PA. 2, 3 In addition, end-organ damage to the kidneys frequently results in chronic renal insufficiency, which leads to further morbidity and mortality.
4-6
Patients with suspected PA undergo laboratory testing to evaluate for elevated peripheral blood aldosterone and suppressed renin levels. Further confirmatory testing may be performed with saline suppression or salt loading. Nearly all patients with evidence of excess aldosterone secretion have some form of cross-sectional imaging of the abdomen performed to evaluate the adrenal glands for the presence of a nodule. In addition, AVS is utilized to determine if one adrenal gland is acting autonomously to hypersecrete aldosterone relative to the contralateral gland. Adrenal vein blood samples which demonstrate elevated secretion of aldosterone by one gland are said to have lateralized. In general, if lateralization of aldosterone secretion is identified after AVS, the patient may undergo adrenalectomy with the intention of improving blood pressure control on fewer medications.
7
The overall rate of cure measured by improvement in blood pressure control after unilateral adrenalectomy is quite variable and has been reported in the literature ranging from 33 to 82%. 7, 8 Given the unacceptably high number of adrenalectomy procedures performed without benefit, it is important to reconsider the factors that are associated with clinical improvement and cure of hypertension in different populations of PA patients. The primary objective of this study is to determine factors during the work-up of PA patients that can predict who is likely to have improved blood pressure control and stable renal function after adrenalectomy. As a secondary objective, we evaluate differences in treatment outcomes among ethnic subgroups. The aldosterone and cortisol measures were then used to calculate the lateralization index (LI) for each patient, which is defined as the higher aldosterone-to-cortisol (AC) ratio divided by the lower AC ratio on the contralateral side. In general, an LI ! 4.0 was considered positive for lateralization and served as a pre-requisite for consideration of adrenalectomy. In addition, estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease formula. Baseline serum creatinine measurements obtained prior to AVS and at the most recent follow-up visit (mean, 8.4 months) were collected to determine change in eGFR. Available abdominal computed tomography (CT) and/ or magnetic resonance (MR) imaging studies performed prior to adrenalectomy were also reviewed for all patients. Imaging included both adrenal and nonadrenal protocols CT and MR. Images were categorized with regard to the presence or absence of an adrenal nodule on imaging and were reviewed by a board-certified radiologist. Finally, surgical pathology was reviewed for all patients who underwent adrenalectomy.
Materials and Methods

Study Population
Statistical Analysis
The number of antihypertensive medications a given patient was taking was used as a surrogate measure of the clinical severity of PA. The primary measure of clinical success in our study was achieving a decrease in the number of antihypertensive medications by at least one following adrenalectomy. This measure of clinical success has been utilized in previous studies by Wang et al and Pirvu et al. 9,10 A complete cure was deemed when the number was reduced to zero after adrenalectomy. A secondary outcome utilized in this study was end-organ damage to the kidneys. It has been reported that a decline in eGFR of 30% over 2 years is associated with an increased risk of end-stage renal disease (ESRD) and mortality. 11 In this study, we utilized a drop in eGFR of more than 30% over our shorter timespan averaging 8. There were 56 patients who underwent technically successful AVS but did not lateralize (LI < 4.0), 21 of these patients had a nodule on imaging. Despite not lateralizing on AVS, six patients in this group still underwent adrenalectomy at the discretion of the surgeon and in correspondence with the patient's desires, while the remaining patients were treated medically. All six patients who underwent adrenalectomy in this group had a discrete nodule seen on preoperative imaging, but only one patient showed clinical improvement postadrenalectomy. Notably, this patient had both an adrenal nodule and adrenal gland thickening seen on imaging. The remaining 50 patients who did not lateralize on AVS were treated medically, with 7 (14%) demonstrating clinical improvement over the timespan of the study. Four of these patients had a nodule on imaging, two had adrenal gland thickening, and one had normal appearing adrenal glands. ►Table 1 shows a summary of the characteristics of all patients who underwent adrenalectomy.
Surgical pathology revealed an adenoma in 80% (n ¼ 43) and adrenal hyperplasia in the remaining 20% (n ¼ 11) who underwent adrenalectomy. In the group that lateralized on AVS and had clinical improvement after surgery, 25 (89%) had an adrenal adenoma on surgical pathology, while the remaining 3 (11%) showed adrenal hyperplasia. In the group that lateralized but did not have clinical improvement after surgery, 16 (80%) had adrenal adenomas on surgical pathology, while 4 (20%) had adrenal hyperplasia. Of the six patients who did not lateralize on AVS but still underwent adrenalectomy, surgical pathology revealed two with adenomas and four with adrenal hyperplasia. Of note, one patient in this group who did have clinical improvement had adrenal hyperplasia at surgical pathology. These results are summarized in ►Table 2.
Out of the 54 patients operated on, 47 had a nodule identified on imaging, and 43 showed an adenoma on surgical pathology, while the remaining showed hyperplasia. This discrepancy may in part be due to the nodular component of the gland being macerated upon laparoscopic surgical excision as many of the nodules were subcentimeter. The presence of a nodule on preoperative imaging was associated with clinical improvement after adrenalectomy (p ¼ 0.022) with 29 patients achieving improved blood pressure control.
The patients who underwent adrenalectomy were further stratified into groups based on the number of antihypertensives they were taking prior to AVS to determine if there is an association between medication usage prior to surgical treatment and clinical outcomes after surgery. The mean number of antihypertensive medications was 3.4 AE 1.3 prior to adrenalectomy and 2.6 AE 1.4 after. Patients taking five or more antihypertensives had a statistically significant association with successful clinical outcomes postadrenalectomy (p ¼ 0.007). Nine patients in our population were taking five or more antihypertensive medications prior to AVS, all of which showed clinical improvement after adrenalectomy.
In patients undergoing adrenalectomy, the mean eGFR was 86 AE 21 mL/min/1.73 m 2 prior to AVS and 78 AE 28 mL/min/ 1.73 m 2 after adrenalectomy. The mean decline in eGFR from baseline to follow-up after adrenalectomy for those that showed clinical improvement was 7.5% compared with 15.8% in those who did not meet criteria to undergo adrenalectomy. End-organ damage to the kidney was defined as a decline in eGFR greater than or equal to 30% from baseline to follow-up postadrenalectomy as a secondary measure of treatment failure. In this analysis, both reduction of antihypertensive medications and preserved renal function were used in combination as outcomes to indicate successful treatment. Thus, improved blood pressure control and stability of eGFR were both required to consider the surgical treatment a success. There were 43 patients with LI > 4.0 who underwent adrenalectomy and had data of pre-AVS and postoperative measurement of renal function available. Twenty-two (51%) of these patients had treatment success by both outcomes, while 21 patients (49%) failed treatment by one or both outcomes. Of particular note, 11 of these 21 patients demonstrated preserved renal function despite persistent hypertension. The mean decline in eGFR for these 11 patients was 1.6%, while the mean decline in eGFR for the 22 patients with treatment success by both outcomes was 1.4%. Fisher's exact test revealed that treatment success by both measures together was associated with the identification of a discrete nodule on preoperative imaging (p ¼ 0.048). Although the number of patients was small (see ►Table 1), it was noted that Hispanic patients had a lower rate of clinical improvement after adrenalectomy with none of the five surgically treated Hispanic patients achieving success by both outcomes despite all five having a nodule on imaging. There were seven African American patients in the study group who underwent adrenalectomy and four achieved clinical success by both outcomes all of which had a nodule on imaging. Caucasians represented the majority of the patients undergoing adrenalectomy of which there were 42. Twenty-one achieved clinical success by both outcomes, 17 of whom had a nodule on imaging. In addition, 9 out of the 15 female patients who underwent adrenalectomy were successfully treated when both outcomes were considered, all of which had a nodule seen on imaging.
Discussion
This retrospective review of all AVS cases performed at our institution over a 5-year period was undertaken to determine the preoperative factors among patients with PA that were associated with successful control of hypertension. It has been shown that AVS significantly improves selection of patients likely to benefit from adrenalectomy.
12-14 However, these studies have focused primarily on the ability of AVS to identify the cause of PA rather than to predict patients who would have a successful clinical result based on the combination of imaging findings and AVS measures. Another study has suggested that obesity, elevated creatinine, left ventricular hypertrophy, and male gender are associated with treatment failure after adrenalectomy. 15 Our data show identification of a discrete adrenal nodule on preoperative imaging to be associated with treatment success in patients who underwent adrenalectomy after AVS. Further, in our population, patients who did not have an adrenal nodule on preoperative imaging were less likely to have improvement in blood pressure control after adrenalectomy. Previous studies have identified those patients on fewer antihypertensives as more likely to achieve complete cure. 9, 16 Our findings are consistent with these studies, as all three patients who achieved complete cure were on less than three antihypertensives prior to adrenalectomy. In contrast to this, however, we show that those patients on five or more antihypertensives prior to AVS actually had a higher rate of treatment success measured by decrease in the number of antihypertensives alone than those on fewer medications. This could be reflective of a high prevalence of concomitant essential hypertension in our population with the decrease in medication usage due to treatment of the component produced by the adrenal pathology. Alternatively, nonadherence to prescribed medication regimens could explain this finding; however, this is difficult to determine in a retrospective analysis. Although these patients did not achieve a complete cure, the improvement in hypertension from adrenalectomy even in the most drugresistant patients may improve cardiovascular health. The importance of controlling hypertension is in reducing morbidity and mortality related to end-organ damage. Reports in the literature suggest that a decline in eGFR more than 30% over 2 years is associated with increased risk of ESRD and mortality.
11 A less rapid decline in renal function is seen in those patients undergoing adrenalectomy for PA. In our study, patients who underwent successful adrenalectomy had an average decline in eGFR of 7.5% over an average 8.4-month time interval compared with 15.8% in those who did not meet criteria for adrenalectomy and were treated only medically. This finding is consistent with prior reports that patients with PA have a more rapid rate of decline in GFR than those with essential hypertension.
4,17
In part, this may be due to the hypertensive effects with resultant glomerulosclerosis and arteriolosclerosis 18 ; however, reports have shown that microalbuminuria associated with PA may also be responsible for the deleterious effects on renal function. [19] [20] [21] [22] This possibly accounts for the 11 patients in our population with stable renal function after adrenalectomy despite having persistent hypertension. This is further supported by the average decline in eGFR of these patients of only 1.6%, which is similar to the 1.4% decline seen in those patients with both improvement of hypertension and relative preservation of renal function. Nine of these 11 patients also showed a discrete nodule on imaging. To our knowledge, few studies looked into factors associated with clinical success that combined both improved blood pressure control and renal function as outcomes in the surgical treatment of PA. With both outcomes considered, we show that the identification of a discrete nodule on preoperative imaging may be of importance in predicting clinical success. Prior studies that have created normograms for predicting patients who are likely to be cured by adrenalectomy have identified factors such as age, gender, body mass index, duration of hypertension, and number of antihypertensive drugs to be associated with clinical outcomes. [23] [24] [25] However, these studies have not evaluated the importance of imaging in guiding treatment. Our findings suggest that careful attention should be paid to imaging findings prior to performing adrenalectomy in the absence of a discrete adrenal nodule. Although a prior study has shown that similar rates of resistant hypertension are due to PA in both Caucasians and African Americans, 26 there have been no studies demonstrating the rates of treatment success after adrenalectomy in each of these subgroups. We investigated clinical outcomes in Hispanic, African American, and Caucasian subgroups. In our population, Hispanic patients tended to have poorer outcomes after adrenalectomy than African Americans and Caucasians. The difference in rates of treatment success may indicate that genetic variability plays a role in the curability of PA. Prior studies have shown that the presence of an adenoma at surgical pathology predicted successful clinical outcome.
9,27
In our study, however, this distinction was less clear. While patients with a nodule on imaging were more likely to have an adenoma identified on surgical pathology, only 61% of adenomas resected resulted in a favorable effect on blood pressure control. One possible explanation is the coexistence of essential hypertension in patients without improvement after surgery. Alternatively, these patients may have had coexistent adrenal hyperplasia in the contralateral gland which was unmasked after resection of the hypersecreting nodule.
There are several limitations of our study that we recognize. Although all CT and MR images that were available for review were evaluated by a board-certified radiologist at our institution and deemed of adequate quality for interpretation, not all studies had images directly available for review by the authors, and therefore, the quality of these studies could not be confirmed. Therefore, in some cases, there was reliance on interpretations provided in the radiology report constructed by radiologists outside of our institution. Further, this study was a retrospective review of patient charts and all data points were not available for every individual, thus decreasing the number of patients who could be included in each analysis. In particular, reliable estimates of mean blood pressure before and after adrenalectomy were not available for every patient in the study group; therefore, this measure was not included as a primary outcome of clinical success, instead surrogate measures of antihypertensive medication burden and end-organ damage to the kidneys were used. Although the timeframe of the present study averaged 1.1 years when all AVS patients were considered, those who underwent adrenalectomy only spanned an average of 8.4 months from pre-AVS to postadrenalectomy follow-up. Thus, our outcome data are limited to this relatively short follow-up interval and conclusions about long-term success rates may not necessarily be the same. Our cohort consisted predominately of Caucasians with African Americans and Hispanics less represented. Thus, the small numbers of patients in the latter two ethnic groups may limit generalizability.
In conclusion, we have shown that improvement in blood pressure control and preserved renal function after adrenalectomy in patients with PA is associated with the identification of an adrenal nodule on preoperative imaging. In our cohort, severity of drug-resistant hypertension and ethnic differences in outcomes were also seen. Our findings support that preoperative imaging findings should be carefully considered in determining which patients should undergo surgery for PA.
